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Intrahospital transport of critically ill patients
Christian Waydhas
Background:  This review on the current literature of the intrahospital transport
of critically ill patients addresses type and incidence of adverse effects, risk
factors and risk assessment, and the available information on efficiency and cost-
effectiveness of transferring such patients for diagnostic or therapeutic
interventions within hospital. Methods and guidelines to prevent or reduce
potential hazards and complications are provided.
Methods: A Medline search was performed using the terms ‘critical illness’,
‘transport of patients’, ‘patient transfer’, ‘critical care’, ‘monitoring’ and
‘intrahospital transport’, and all information concerning the intrahospital transport
of patients was considered.
Results: Adverse effects may occur in up to 70% of transports. They include a
change in heart rate, arterial hypotension and hypertension, increased intracranial
pressure, arrhythmias, cardiac arrest and a change in respiratory rate,
hypocapnia and hypercapnia, and significant hypoxaemia. No transport-related
deaths have been reported. In up to one-third of cases mishaps during transport
were equipment related. A long-term deterioration of respiratory function was
observed in 12% of cases. Patient-related risk indicators were found to be a high
Therapeutic Intervention Severity Score, mechanical ventilation, ventilation with
positive end-expiratory pressure and high injury severity score. Patients’ age,
duration of transport, destination of transport, Acute Physiology and Chronic
Health Evaluation II score, personnel accompanying the patient and other factors
were not found to correlate with an increased rate of complications. Transports
for diagnostic procedures resulted in a change in patient management in
40–50% of cases, indicating a good risk:benefit ratio.
Conclusions: To prevent adverse effects of intrahospital transports, guidelines
concerning the organization of transports, the personnel, equipment and
monitoring should be followed. In particular, the presence of a critical care
physician during transport, proper equipment to monitor vital functions and to
treat such disturbances immediately, and close control of the patient’s ventilation
appear to be of major importance. It appears useful to use specifically
constructed carts including standard intensive care unit ventilators in a selected
group of patients. To further reduce the rate of inadvertent mishaps resulting
from transports, alternative diagnostic modalities or techniques and performing
surgical procedures in the intensive care unit should be considered.
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Introduction
The safest place for the critically ill patient is stationary in
the intensive care unit (ICU), connected to a sophisticated
ventilator with all infusion pumps running smoothly, com-
plete monitoring installed, and with a nurse present to care
for the patient. Unless there are nursing, diagnostic or ther-
apeutic procedures going on, the patient is in a more or
less calm and controlled environment. In the case of an
emergency, a team of well-trained nurses and physicians is
available with all the necessary equipment at hand.
There may be situations when the patient has to leave
these secure surroundings to be transported to the
radiology department, the operating room or to some
other department within the hospital, however. This
transport may create an increased risk for mishaps and
adverse events by disconnecting such critically ill individ-
uals from the equipment in the ICU to some kind of
transport gear, shifting them to another stretcher, and
reducing the personal and the equipment around.
This article gives a review on the current literature of the
intrahospital transport of critically ill patients. Its objec-
tive is to provide the reader with information about type
and incidence of adverse effects, risk factors and assess-
ment, and the efficiency and cost-effectiveness of
ICU = intensive care unit; pCO2 = partial carbon dioxide tension; APACHE = Acute Physiology and Chronic Health Evaluation.transferring such patients for diagnostic or therapeutic
interventions within hospital. Furthermore, methods and
guidelines to perform such transports safely are addressed,
covering the personnel accompanying the patient, the
equipment for monitoring the patient and treating compli-
cations, and the ventilator to be used.
A Medline search including the terms ‘critical illness’,
‘transport of patients’, ‘patient transfer’, ‘critical care’,
‘monitoring’ and ‘intrahospital transport’ was performed,
and all information concerning the intrahospital transport
of patients was considered, excluding review articles. Only
studies published in the English or German language
were used, however.
Adverse effects
Adverse effects may affect a variety of organ systems, may
be related to the movement of the patient (dislocation of
installations, drips, etc) or may be caused by equipment
malfunctions. Furthermore, the reduced availability of
personal, equipment and monitoring away from the ICU
may be detrimental. These adverse effects may be of
short-term or long-term duration, or require interventions.
The first indications that transport within hospital is a
potentially dangerous undertaking were provided in the
early 1970s, when arrhythmias were encountered in up to
84% of transports of patients with high-risk cardiac
disease, which required emergency therapy in 44% of
cases [1]. Significant complications such as bleeding and
hypotension were observed in seven out of 33 transports
of patients from the operating room to the ICU [2]. An
early report compared the transport of postoperative
patients from the operating room to the ICU with that of
patients transferred from the ICU for diagnostic tests [3].
No complications or haemodynamic deteriorations were
noted in the latter group, whereas the postoperative
patients were subject to hypotension, hypertension or
arrhythmias in 44% of the cases.
In more recent reports [4–9] the overall incidence of
adverse effects during intrahospital transport was found to
range from 6 to 71.1% (Table 1) [3–13]. An exact descrip-
tion of the severity of these complications is lacking in
many studies and definitions differ in the others.
However, major adverse effects with life-threatening dis-
turbances that require interventions such as administra-
tion of vasoactive drugs, fluid boluses or even
cardiopulmonary resuscitation, as well as those related to
the disconnection of ventilatory, intravenous or intra-arter-
ial lines, may be as high as 8% [4,6,9,10].
The majority of the studies were done with trauma and
surgical patients, but medical patients and children were
included in some. Although the highest rate of adverse
events was noted in the one study with children [4], no
clear relation of frequency and type of complication with
the case-mix can be deduced. Neither the indication
leading to the diagnostic evaluation nor the type of diag-
nostic procedure performed have been found to correlate
with the type, number or severity of complications during
transport [7,9]. In most of the studies the patient was
accompanied by at least one nurse and one physician, who
were sometimes supplemented with a respiratory thera-
pist. The number of personnel involved in the transport
was not found to influence the rate of complications [4].
Smith et al [6] observed a trend towards a reduced inci-
dence of adverse effects if a physician was present during
transport. In a recent study [11] a low rate of complications
in 15.5% of patients was observed if a specially trained
transport team accompanied the patient.
Cardiocirculatory adverse effects were noted in 0–47% of
patients [7,9,12,13]. In particular, hypotension (a mean fall
in systolic blood pressure of 40mmHg or more) and
arrhythmias were predominant in mechanically ventilated
patients of a combined medical and surgical ICU [13].
Those events were closely related to periods of inadvertant
hypoventilation or hyperventilation, with changes of the
partial carbon dioxide tension (pCO2) of up to 27mmHg.
In trauma patients transported for diagnostic studies, a
change in blood pressure (of more than 20mmHg) and in
pulse rate (of more than 20beats/min) was observed in 40
and 21% of the transports, respectively [7], which is quite
similar to the findings of other investigators (Table 1) [8].
Although the overall incidence of complications was rather
low in the study of Szem et al [9], they reported three cases
of cardiac arrest and one case of pneumothorax that
required chest tube placement. In medical patients elec-
trocardiogram changes may occur that cannot be seen with
standard electrocardiogram monitoring [14].
Respiratory complications were reported to occur in up to
29% of the transports, including a change in respiratory
rate in 20% of the patients and a fall in arterial oxygen sat-
uration in 2–17% of cases [7,8]. In one study [8] no change
of pCO2 and pH was found during transport.
In 125 transports of ventilated and nonventilated
patients reported in another study [6], mishaps occurred
in 34% of cases. Most of those problems were related to
the equipment or the process of monitoring itself. Elec-
trocardiogram lead disconnection (23%), monitor power
failure (14%), a combination of those (10%), intravenous
line or vasoactive drug infusion disconnection (9 and 5%,
respectively), and disconnection from the ventilator (3%)
were among the most frequent problems. Most mishaps
were noted at the destination site either before or during
the procedure, but not during the actual transport.
Equipment-related mishaps occurred in 10% of trans-
ports in the study of Wallen et al [4]. These included
malfunction of equipment, or loss of nasogastric or chest
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.tube, or were related to the endotracheal tube or the
intravenous lines.
In a group of 27 patients with head injury (35 transports
for diagnostic procedures or to the operating room)
adverse effects were observed in 51% [5]. These included
hypotension (systolic blood pressure below 90mmHg in
8.6%), hypoxia (oxygen saturation below 90% in 5.7%) and
increased intracranial pressure (42.9%, including 17% of
cases with a pressure increase of more than 30mmHg).
Similar insults could be recorded in 60% of patients during
the 4h before transport and in 66% during the period after
transport, however. It is important to note that, after trans-
port, abnormal values that had not been present before
were obtained in 17 patients.
Although much data has accumulated with respect to
mishaps during the absence from the ICU, less is known
about adverse long-term effects. In one prospective obser-
vation study [15] prolonged effects on respiratory function
after intrahospital transports of critically ill patients were
addressed. In 49 transports gas exchange had significantly
decreased from a partial arterial oxygen tension : fractional
inspired oxygen ratio of 267 at baseline to 220 1h after
transport. Even 24h later a slight deterioration was still
present. A fall in the partial oxygen tension : fractional
inspired oxygen ratio of more than 20% from baseline was
noted 1 and 24h after transport in 42.8 and 12.2% of
patients, respectively. Smith et al [6] reported that 24% of
the patients of a study with 127 transports were consid-
ered, after having returned to the ICU, to be in worse con-
dition than before the procedure. In a series of 273
mechanically ventilated patients who were transported
from the ICU [16] the incidence of pneumonia was 24.4%,
as compared to 4.4% in patients of similar severity of
illness that had not been transported. This increased rate
of complications could be attributed to the selection of
patients that required transports to perform diagnostic (or
therapeutic) interventions, however.
Whether the adverse effects observed are actually related
to the transport itself or might be typical for critically ill
patients irrespective of their location was assessed in only
a few studies, and their findings are controversial. Wallen
et al [4] compared patients over a period of 1–2h before
transport and during the consecutive transport to a diag-
nostic study. Although hypothermia (11.2%); change in
heart rate (15.7%), blood pressure (21.3%) or in the respi-
ratory rate of more than 20% (23.6%); or a change in
oxygen saturation of more than 5% (5.6%) was observed in
a significant number of transports, no such disturbances
were noted during the observation period before transport.
In contrast to these findings, Hurst et al [8] observed a
similar rate of adverse events in a cohort of patients who
were stationary in the ICU and matched for severity of
illness [Acute Physiology and Chronic Health Evaluation
(APACHE) II score] and age with the transport group (60
versus 66%). No difference was found with respect to
number or type of physiologic changes.
Fatalities attributed to the transport were not reported in
any of the communications reviewed.
Risk assessment and patient-related risk
factors
To allow for a risk–benefit assessment, it would be helpful
to identify patients with a high risk for the development of
complications during or after transport.
In a study of 180 transports of critically ill children [4] it
was shown that major corrective procedures during trans-
port were necessary in 34.4% of mechanically ventilated
patients, as opposed to 9.5% in nonventilated patients.
Furthermore, the Therapeutic Intervention Severity Score
and the duration of transport were significantly associated
with the requirement for a major intervention or with any
physiological deterioration (predominantly equipment
related). The latter finding, however, could not be sub-
stantiated in several studies of adult patients [5–7,15]. For
patients with severe head injuries the overall injury sever-
ity score was found to be the only predictor for the devel-
opment of adverse effects during transport [5].
Not associated with the frequency of mishaps in a number
of studies were the following: patients’ age, diagnosis of
the underlying disease, number of personnel accompany-
ing the transport, duration of absence from the ICU,
severity of illness (APACHE II), Glasgow Coma Score,
number of lines in place, life-support modalities, destina-
tion of the transport (to the operation room versus to the
radiology suite) and type of diagnostic procedure [6,7,9].
With regard to longer lasting detrimental effects on respira-
tory function, the only risk indicator was ventilatory
support with positive end-expiratory pressure, whereas
age, APACHE II score, duration of transport, destination of
transport, pretransport gas exchange or peak airway pres-
sure were not predictive of a respiratory deterioration [15].
Efficiency and cost-effectiveness
In a cohort of 103 consecutive transports for diagnostic
evaluation in trauma patients, the results from these
studies led to a change of therapy in 24% of the cases
within 48h after transport [7]. Changes in patient manage-
ment resulting from a transport for a diagnostic procedure
amounted to 39% in the experience of Hurst et al. [8], who
studied surgical patients with trauma, and after major
abdominal or vascular surgery. The main reasons for doing
the diagnostic procedure were follow up (37%), identifica-
tion of a septic focus (34%) and identification of the site of
bleeding (14%). The examinations with the highest effi-
ciency included angiography and abdominal computed
R86 Critical Care 1999, Vol 3 No 5tomography, which resulted in therapeutic consequences
in more than 50% of patients, whereas computed tomogra-
phy of the head and the chest still resulted in a change of
therapeutic management in 25%. In a study of 88 abdomi-
nal computed tomography examinations of critically ill sur-
gical patients for reasons such as suspected abdominal
focus (74%), acute necrotizing pancreatitis (12%) or sus-
pected delayed intra-abdominal organ lesion after trauma
(14%) [17] the results of the examination resulted in a
change of therapy (operation or other invasive therapeutic
intervention) in 43% of the patients. Similar studies of tho-
racic computed tomography in critically ill patients (pre-
dominantly trauma patients) to evaluate a potential
pulmonary septic focus or a cause for a deterioration in gas
exchange resulted in therapeutic consequences or a change
in patient management in up to 70% of patients [18–20].
Thus, the overall yield of diagnostic procedures that
require a transport of critically ill patients in terms of a
direct and consecutive change of therapy is at least 25%
and may be as high as 70%, provided that the decision to
perform a specific procedure is based on criteria similar to
the ones used in those studies. Unfortunately, little infor-
mation was provided by investigators regarding why a spe-
cific procedure had been done and whether alternative
methods would have been available. In summary, the effi-
ciency of transports in trauma and surgical patients, and in
search of a septic focus, a source of bleeding, or the identi-
fication and follow up of injuries appears to be moderate
to fairly high, indicating a good risk:benefit ratio, as long
as restrictive criteria are used to order those procedures.
No such information is available for medical and pediatric
patients. It can be assumed, however, that similar yields
can be anticipated while looking for a focus of sepsis.
The cost of a transport was estimated to be $US465 in
1988 [7] and $US452 in 1992 [8]. No calculation of cost-
effectiveness was reported in the literature reviewed.
Prevention of complications
Although patient-related risk factors are difficult to iden-
tify, equipment-related complications (which occur in up
to one-third of transports) might be controlled more easily.
In 1993, guidelines for the transfer of critically ill patients
were reported by a consensus committee that was formed
by representatives from several major critical care societies
[21]. They proposed requirements for the pretransport
coordination and communication, for the personnel who
accompany the patient, for the equipment needed and for
the monitoring during transport.
It has been suggested [21] that a minimum of two people,
one of them a critical care nurse, should accompany the
patient. A physician is required for patients with unstable
physiology who might need acute interventions. It is not
clearly stated whether these latter conditions are met by
mechanically ventilated patients. It appears justified that
intubated patients are to be escorted by a medical doctor,
however, on the basis of the large number of significant
events that result in the necessity for an acute interven-
tion in this group of patients. In those studies that
reported on the personnel involved [4,6], at least two
persons went with the patient but a physician was substi-
tuted by a respiratory therapist in 17.8–58% of transports.
It should also be emphasized that personnel attending
transports of critically ill patients may benefit from spe-
cific training [22].
Standard equipment includes the following [21]: a cardiac
monitor with defibrillator; airway management equipment
and a resuscitation bag (to allow for emergency intubation,
coniotomy and manual ventilation via mask and tube); suf-
ficient gas supplies; standard resuscitation drugs and intra-
venous fluids, as well as specific essential medications
required by the patient transported (regulated by battery
operated infusion pumps); and a portable ventilator for
patients receiving mechanical ventilation.
The type of ventilation and the respirator to be used
requires some discussion. One reason for the observed
adverse effects on gas exchange could be the change from
the ICU ventilator to a transport device, or even to manual
ventilation. Although manual ventilation by a respiratory
therapist has been said to result in a deterioration in blood
gases in only 10% of transports [12], this positive experi-
ence was not shared by other investigators. Gervais et al.
[23] compared blood gas variables during transport of 30
ventilator-dependent patients who were ventilated using
either a manually operated ventilation bag with or without
a volume meter at the exhalation valve of the bag, or a
time-cycled, volume-constant, portable ventilator. Inter-
estingly, patients with manual ventilation alone or the
transport ventilator were significantly hyperventilated, as
opposed to those in whom a volume meter was used to
control manual ventilation. This finding was also reflected
by an increase in pH in the former two groups. Arterial
oxygen tension was not affected in a clinically significant
way. In a follow-up study [24], the same group demon-
strated that four out of five portable ventilators from
different manufacturers produced either severe hyper-
ventilation (particularly at low minute ventilation), or con-
siderable hypoventilation under conditions of reduced
compliance, as may be encountered in patients with acute
respiratory failure or acute respiratory distress syndrome
[24]. In 20 manually ventilated patients (not using a
volume meter) mean changes in pCO2 and pH of 9mmHg
and 0.08, respectively, were observed. Using a portable
ventilator these blood gas changes could be significantly
reduced to 4mmHg and 0.05, respectively. Nevertheless,
the complication rate in the mechanically ventilated
patients was still 44% [13].
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might be the use of improved monitoring equipment, par-
ticularly of tidal or minute ventilation (see below). Bearing
in mind the limitations of many portable ventilators, the
use of sophisticated transport carts equipped with a stan-
dard ICU ventilator and the necessary gas supply should
be considered [25–28]. Such carts could be hooked to the
patient bed and moved fairly easily. Monitoring devices
and infusion pumps can be implemented into the cart
with its battery. Such equipment is widely used for inter-
hospital transport of critically ill patients between institu-
tions, and is being increasingly applied to intrahospital
transport. Controlled studies showing a reduction in
adverse events during and complications from transport
using such equipment are still lacking, however, although
one group did report zero unanticipated problems with
such equipment [28]. Although it appears sensible to
assume improved patient safety, the cost-effectiveness
remains to be shown. Furthermore, suction devices should
accompany the patient, as illustrated by a case report of a
patient with acute airway obstruction from a mucus plug
[29]. A pump-driven suction device appears to be prefer-
able, however.
Minimum requirements for monitoring patients during
transport should be continuous electrocardiography, pulse
oxymetry and the intermittent measurement of blood
pressure, respiratory rate and pulse rate [21]. In specific
patients, capnometry, continuous blood pressure reading
and further monitoring (such as of intracranial pressure,
cardiac output and filling pressures) may be beneficial.
Many of the complications reported during transport were
caused by equipment not functioning correctly, however.
The use of more equipment could result in a higher prob-
ability of equipment-related problems that might divert
the attention of the personnel from the patient to the
device. In one study of capnometry [30] more than 50% of
the complications (four out of seven) were due to malfunc-
tion of the monitoring and not caused by actual physio-
logic disturbances.
Of particular importance appears the possibility of measur-
ing the major ventilation parameters such as tidal volume
or minute ventilation [23,31]. Unfortunately, this is not
possible with most portable ventilators.
In some cases the hazards of transporting a patient could
be prevented by performing diagnostic or therapeutic pro-
cedures within the ICU or choosing alternative (albeit
equivalently effective) procedures that may render a trans-
port of the patient unnecessary. Such interventions may
comprise the following: use of chest ultrasound in detect-
ing intrathoracic pathologies [32–34]; the introduction of
new mobile computed tomography scanners that can be
used in the ICU [35]; the application of conventional or
dilatational percutaneous tracheostomy in the ICU,
instead of transferring the patient to the operating room
[36–38]; the placement of percutaneous endoscopic gas-
trostomy and of inferior vena cava filters [39]; fiberoptic
intraparenchymal pressure monitoring instead of operative
ventriculostomy [40–42]; scheduled reoperations for peri-
tonitis with open abdomen in the ICU [43]; and many
others [44].
Conclusion
Adverse effects during and after transport of critically ill
patients are frequent. On the other hand, a change in
patient management results from about half of the proce-
dures that necessitate transport, indicating a good effi-
ciency. Although a few patient-related risk factors can be
identified, the rate of equipment-related adverse events
may be as high as one-third of all transports. Thus, partic-
ular attention has to be focussed on the personnel, equip-
ment and monitoring in use. Standard guidelines have
been published. A potential weakness remains the mode
of ventilation and the type of ventilator used during trans-
port, as well as the extent of respiratory monitoring. In
patients who require ventilation, it appears useful to use
either portable ventilators that are equipped with a
volume meter, or specifically constructed carts including
standard ICU ventilators. To further reduce the rate of
inadvertent mishaps from transports, alternative diagnostic
modalities or techniques, and performing surgical proce-
dures in the ICU should be considered.
References
1. Taylor JO, Landers CF, Chulay JD, Hood WBJ, Abelmann WH: Moni-
toring high-risk cardiac patients during transportation in hospital.
Lancet 1970, II:1205–1208.
2. Waddell G: Movement of critically ill patients within hospital. BMJ
1975, 2:417–419.
3. Insel J, Weissman C, Kemper M, Askanazi J, Hyman AI: Cardiovascu-
lar changes during transport of critically ill and postoperative
patients. Crit Care Med 1986, 14:539–542.
4. Wallen E, Venkataraman ST, Grosso MJ, Kiene K, Orr RA: Intrahospi-
tal transport of critically ill pediatric patients. Crit Care Med 1995,
23:1588–1595.
5. Andrews PJD, Piper IR, Dearden NM, Miller JD: Secondary insults
during intrahospital transport of head-injured patients. Lancet
1990,  335:327–330.
6. Smith I, Fleming S, Cernaianu A: Mishaps during transport from the
intensive care unit. Crit Care Med 1990, 18:278–281.
7. Indeck M, Peterson S, Smith J, Brotman S: Risk, cost, and benefit of
transporting ICU patients for special studies. J Trauma 1988,
28:1020–1024.
8. Hurst JM, Davis K Jr, Johnson DJ, et al: Cost and complications
during in-hospital transport of critically ill patients: a prospective
cohort study. J Trauma 1992, 33:582–585.
9. Szem JW, Hydo LJ, Fischer E, et al: High-risk intrahospital transport
of critically ill patients: safety and outcome of the necessary ‘road
trip’. Crit Care Med 1995, 23:1660–1666.
10. Stearley HE: Patients’ outcomes: intrahospital transportation and
monitoring of critically ill patients by a specially trained ICU
nurcing staff. Am J Crit Care 1998, 7:282–287.
11. Evans A, Winslow EH: Oxygen saturation and hemodynamic
response in critically ill, mechanically ventilated adults during
intrahospital transport. Am J Crit Care 1995, 4:106–111.
12. Weg JG, Haas CF: Safe intrahospital transport of critically ill venti-
lator dependent patients. Chest 1989, 96:631–635.
13. Braman SS, Dunn SM, Amico A, Millman RP: Complications of intra-
hospital transport in critically ill patients. Ann Intern Med 1987,
107:469–473.
R88 Critical Care 1999, Vol 3 No 514. Carson KJ, Drew BJ: Electrocardiographic changes in critically ill
adults during intrahospital transport. Prog Cardiovasc Nurs 1994,
9:4–12.
15. Waydhas C, Schneck G, Duswald KH: Deterioration of respiratory
function after intra-hospital transport of critically ill surgical
patients [see comments]. Intens Care Med 1995, 21:784–789.
16. Kollef MH, Von Harz B, Prentice D, et al: Patient transport from
intensive care increases the risk of developing ventilator-associ-
ated pneumonia. Chest 1997, 112:765–773.
17. Kerner T, Rieger J, Waydhas C, Waldner H, Duswald KH: Ranking of
abdominal computed tomography in surgical intensive care
patients [in German]. Intensivmed 1996, 33:183–189.
18. Roddy LH, Unger KM, Miller WC: Thoracic computed tomography
in the critically ill patient. Crit Care Med 1981, 9:515–518.
19. Mirvis SE, Tobin KE, Kostrubiak I, Belzberg H: Thoracic computed
tomography in detecting occult disease in critically ill patients.
AJR Am J Roentgenol 1987, 148:685–689.
20. Voggenreiter G, Aufmkolk M, Majetschak M, et al: Efficiency of chest
computed tomography in critically ill multiple trauma patients. Crit
Care Med 1999, 27: (in press).
21. Guidelines Committee ACoCCM, Society of Critical Care Medicine
and the Transfer Guidelines Task Force: Guidelines for the transfer
of critically ill patients. Crit Care Med 1993, 21:931–937.
22. Burtnyk S: Secondary transportation of critically ill people: implica-
tions for nurses and the need for specialist training. Intens Crit
Care Nurs 1992, 8:234–239.
23. Gervais HW, Eberle B, Konietzke D, Hennes HJ, Dick W: Comparison
of blood gases of ventilated patients during transport. Crit Care
Med 1987, 15:761–763.
24. Heinrichs W, Mertzlufft F, Dick W: Accuracy of delivered versus
preset minute ventilation of portable emergency ventilators. Crit
Care Med 1989, 17:682–685.
25. Barton AC, Tuttle-Newhall JE, Szalados JE: Portable power supply
for continuous mechanical ventilation during intrahospital trans-
port of critically ill patients with ARDS. Chest 1997, 112:560–563.
26. Schirmer U, Heinrich H, Siebeneich H, Vandermeersch E: Safe intra-
clinic transport of intensive-care patients. A concept that avoids
monitoring and treatment gaps [in German]. Anasthesiol Inten-
sivmed Notfallmed Schmerzther 1991, 26:112–115.
27. Kondo K, Herman SD, O’Reilly LP, Simeonidis S: Transport system
for critically ill patients [letter]. Crit Care Med 1985, 13:1081–1082.
28. Link J, Krause H, Wagner W, Papadopoulos G: Intrahospital trans-
port of critically ill patients. Crit Care Med 1990, 18:1427–1429.
29. Daniel JW, Pinosky ML: A simple suction device to aid in trans-
portation of the critically ill pediatric patient [Letter]. Anesthesiol-
ogy 1996, 85:220–221.
30. Ruckoldt H, Marx G, Leuwer M, Panning B, Piepenbrock S: Pulse
oximetry and capnography in intensive care transportation: com-
bined use reduces transportation risks [in German]. Anasthesiol
Intensivmed Notfallmed Schmerzther 1998, 33:32–36.
31. Henning R, McNamara V: Difficulties encountered in transport of
the critically ill child [see comments]. Pediatr Emerg Care 1991, 7:
133–137.
32. Yu CJ, Yang PC, Chang DB, Luk KT: Diagnostic and therapeutic
use of chest sonography: value in critically ill patients. AJR Am J
Roentgenol 1992, 159:695–701.
33. Lichtenstein DA, Axler O: Intensive use of general ultrasound in the
intensive care unit. Prospective study of 150 consecutive patients.
Intes Care Med 1993, 19:353–355.
34. Lichtenstein DA, Menu YA: A bedside ultrasound sign ruling out
pneumothorax after blunt abdominal trauma. Chest 1995, 108:
1345–1348.
35. Butler WE, Piaggio CM, Constantinou C, et al: A mobile computed
tomographic scanner with intraoperative and intensive care unit
applications. Neurosurgery  1998,  42:1304–1310; discussion
1310–1301.
36. Pogue MD, Pecaro BC: Safety and efficiency of elective tra-
cheostomy performed in the intensive care unit. J Oral Maxillofac
Surg 1995, 53:895–897.
37. Walz MK, Peitgen K, Thürauf N, et al: Percutaneous dilatational tra-
cheostomy: early and long-term outcome of 326 critically ill
patients. Intens Care Med 1998, 24:685–690.
38. Goldstein SI, Breda SD, Schneider KL: Surgical complications of
bedside tracheostomy in an otolaryngology residency program.
Laryngoscope  1987,  97:1407–1409.
39. Van Natta TL, Morris JA, Eddy VA, et al: Elective bedside surgery in
critically injured patients is safe and cost-effective. Ann Surg
1998,  227:618–624.
40. Yablon JS, Lantner HJ, McCormack TM, et al: Clinical experience
with a fiberoptic intracranial pressure monitor. J Clin Monit 1993,
9:171–175.
41. Shapiro S, Bowman R, Callahan J, Wolfla C: The fiberoptic intra-
parenchymal cerebral pressure monitor in 244 patients. Surg
Neurol  1996,  45:278–282.
42. Ghajar J: Intracranial pressure monitoring techniques. New Horiz
1995, 3:395–399.
43. Walsh GL, Chiasson P, Hedderich G, Wexler MJ, Meakins JL: The
open abdomen: the marlex mesh and zipper technique: a method
of managing intraperitoneal infection. Surg Clin North Am 1988,
68:25–40.
44. Porter JM, Ivatury RR, Kavarana M, Verrier R: The surgical intensive
care unit as a cost-efficient substitute for an operating room at a
Level I trauma center. Am Surg 1999, 65:328–330.
Equipment review  Transport of critically ill patients Waydhas    R89